Study Design. Retrospective cohort analysis of risk factors in revision spine surgery using a prospectively collected database. Objective. To examine the risk of developing early (30-day) complications across obesity level after adjusting for comorbidities in patients undergoing revision spine surgery. Summary of Background Data. Prior studies suggest obesity influences early complications after primary surgery. The association between obesity and early complications after revision surgery remains to be characterized. (30-34.9), and Obese Class II/III (!35). Univariate regression was performed to assess the predictive value of obesity level and baseline risk factors in the presence of at least one early complication, and significant predictors were entered into the multivariable model. Results. Of 2538 patients, 57.6% were nonobese, 23% Obese Class I, and 19.4% Obese Class II/III. Obesity was associated with diabetes, hypertension, respiratory disease, and American Society of Anesthesiologists (ASA) score of 3-4 (all P < 0.001). BMI group (P ¼ 0.01), older age (P ¼ 0.008), functional dependence (P < 0.001), ASA 3 -4 (P ¼ 0.008), bleeding disorder (P ¼ 0.04), and diabetes (P ¼ 0.016) were identified as univariate predictors for early complications. In the multivariable model, higher BMI (P ¼ 0.04), older age (P ¼ 0.014), and functional dependence (P < 0. Conclusion. Obesity is an independent risk factor for early complications after revision spine surgery. Although obesity may not contraindicate revision surgery, its status as a modifiable risk factor warrants disclosure and preoperative counseling to optimize outcomes.
R evision spinal fusion surgery can be a complex procedure and has known complications. Revision surgery is indicated for numerous conditions including pseudarthrosis, infection, progressive deformity, and adjacent segment disease. [1] [2] [3] The incidence of failure after primary surgery ranges from 0% to 50% in cervical [4] [5] [6] [7] [8] [9] to 9% to 37% in lumbar surgeries. [10] [11] [12] [13] [14] [15] Revision surgery often presents unique problems not seen in initial surgery, such as epidural fibrosis, compromised vascular supply, improper wound care leading to infections, and others. 16 Medical literature reports a wide range of variability (25-80%) in successful outcomes after repeat surgeries. [17] [18] [19] Although minor complications may not alter long-term clinical outcomes, 20 the associated costs of perioperative complications increase the cost of surgery as much as $9379 to $17,457 compared with cases without complications. 21 Complications arising from reoperations can compound morbidity to further increase healthcare cost and societal burden. [22] [23] [24] Risk factors for complications after primary spine surgery span age, sex, medical comorbidities, function, and injury classification. Older age has been most widely reported, [25] [26] [27] [28] and one study found female sex to associate with risk of From the complication. 29 Baseline functional dependent functional status is known to associate with postoperative infections. 30 Comorbidities classified as risk factors include cardiac disease, diabetes, respiratory disease, wound infection, and corticosteroid use. [31] [32] [33] The American Society of Anesthesiologists (ASA) classification system score is a consistent standardized measure [34] [35] [36] used to assess the fitness of each case prior to surgery, and a higher score is commonly cited as a predictor for postoperative complications and poor outcomes. 37, 38 Recent literature has shown that obesity is a predictor for complications in primary spine procedures. [39] [40] [41] In a metaanalysis 97,326 patients across 32 studies, obese patients were observed to have higher incidence of respiratory and renal complications, incidence of surgical site infection, venous thromboembolism, blood loss, and reoperation. 42, 43 However, the risk of early complications associated with obesity has not been well characterized for revision spine surgery. Using the large-scale, multi-institutional American College of Surgeons National Surgery Quality Improvement Program (ACS-NSQIP) database, we hypothesize that increased obesity will independently associate with higher risk for complications within 30 days of revision spine surgery.
MATERIALS AND METHODS

Study Population
The ACS-NSQIP is a nationally validated prospective outcomes-based program designed with the purpose of measuring and improving the quality of surgical care. The general approach to data collection and performance evaluation has been previously described. [44] [45] [46] [47] [48] [49] [50] [51] In brief, ACS-NSQIP was initiated by the Department of Veterans Affairs Healthcare System in the 1990s and subsequently adopted by the American College of Surgeons for private sector hospital subscription after 2004. 52 The program has expanded to include 462 U.S. and 34 international hospitals. Data are collected across 135 Health Insurance Portability and Accountability Act (HIPAA)-compliant variables including preoperative comorbidities, intraoperative variables, and 30-day postoperative morbidity and mortality for adult patients undergoing major surgery under general, spinal, or epidural anesthesia. A representative sample of operative cases from each participating center is submitted to ACS-NSQIP. 53 Clinical data are abstracted from the medical record by a trained and certified surgical clinical reviewer using standardized data definitions and protocols, and curated before submission. 53 ACS-NSQIP data are systematically audited at regular intervals to ensure robust interrater reliability. 54, 55 The ACS-NSQIP participant-use data files from 2005 to 2012 were used for the current analysis. Inclusion criteria were all adult Caucasian patients who underwent revision spine surgery after previous instrumentation or fusion. Eligible patients were identified by current procedural terminology (CPT) codes for one or more qualifying revision spine procedures, including exploration of spinal fusion (CPT 22830), reinsertion of spinal fixation (CPT 22849), removal of posterior nonsegmental (CPT 22850), or segmental (CPT 22852) instrumentation, removal of anterior instrumentation (CPT 22855), revision of total cervical (CPT 22861), or lumbar (CPT 22862) disc arthroplasty, and removal of total cervical (CPT 22864) or lumbar (CPT 22865) disc arthroplasty-and extracted from the ACS-NSQIP database. To reduce confounding, patients presenting with pregnancy, disseminated or recent malignancy, chemotherapy within 30 days of operation, radiotherapy within 90 days of operation, preoperative systemic sepsis, preoperative acute renal failure, ventilator dependency, emergency surgery, underweight, moribund on the ASA classification score, or with missing demographic data were excluded from the analysis. Because of the previously described heterogeneity in obesity levels across race and ethnic groups observed in spine surgery populations, 56, 57 we constrained our analysis to Caucasian race.
This study was deemed exempt from Institutional Review Board approval at our institution because ACS-NSQIP participant-use data files are in the public domain and contain no personal identifiers. 62, 63 and 75 is one SD above the mean for our dataset. 64 Clinical descriptors included preoperative functional status, presence of system-specific and general comorbidities, and ASA score. Comorbidities were coded by system for cardiac (angina, congestive heart failure, myocardial infarction, previous percutaneous coronary intervention or cardiac surgery, peripheral vascular disease, stroke, or transient ischemia attack) and respiratory (chronic obstructive pulmonary disease, dyspnea, pneumonia) disorders. Other comorbidity variables include bleeding disorder, chronic steroid use, diabetes, and wound contamination. Hypertension was coded separately because of its high incidence in both spine surgery 65, 66 and obese populations. [67] [68] [69] Our outcome measure of interest was the presence of early postoperative complications. Complications were coded into the following categories by system: cardiac (cardiac arrest, cerebrovascular aneurysm, myocardial infarction, stroke), renal (acute renal failure, progressive renal insufficiency, urinary tract infection), respiratory (pneumonia, reintubation, unable to wean off ventilator), septic (sepsis, septic shock), and wound infection (superficial or deep incisional, organ space, wound dehiscence). Other complication variables included pulmonary embolism (PE) and DVT/thrombophlebitis (DVT/T). In total, one patient had graft/prosthesis/flap (GPF) failure and two had peripheral nerve injury, so these complications were not analyzed across BMI groups but were accounted for in coding for the presence of any complication. Given the substantial incidence of intra-or postoperative blood transfusions compared with the other complication variables, transfusions were analyzed independently. Our primary outcome variable was computed to indicate the presence of any complication (at least one complication in any of the categories described previously, excluding blood transfusions).
Assessments and Outcome Measures
Statistical Analysis
Group differences in baseline descriptors and postoperative complication categories were assessed by Pearson's x 2 test across BMI group. Fisher exact test was used to assess differences in categorical variables with cell counts five or less. Univariate logistic regression was performed with BMI group and demographic, clinical and comorbidity descriptors predictors, and the presence of any complication as the response. Univariate predictors significant at a ¼ 0.05 were entered into a multivariable logistic regression model for the presence of any complication. All models conformed to tests for goodness-of-fit and parallel lines. Significance was assessed at a ¼ 0.05. All analyses were performed using Statistical Package for the Social Sciences (SPSS) v.21 (IBM Corporation, Chicago, IL).
RESULTS
Demographic and Clinical Descriptors
A total of 2538 adult Caucasian patients were included in the analysis. Overall, 57.6% were nonobese, 23.0% were Obese Class I, and 19.3% were Obese Class II/III. Demographic and clinical descriptors were compared across BMI groups as shown in Table 1 
Obesity Associates With Baseline Comorbidities
In general, comorbidities increased with BMI (Table 2) . Notably, the proportion of patients with diabetes increased across BMI group (7.1%, 17.5%, 29.8%, P < 0.001). A lower incidence of hypertension was observed in nonobese compared with obese patients (42.2% vs. 65.1%, 69.5%, P < 0.001). A lower incidence of respiratory disease was observed in nonobese compared with Obese Class II/III patients (9.4% vs. 16.1%, P < 0.001). No other significant differences were observed across BMI groups.
Obesity Associates With Early Postoperative Complications
Early postoperative complications after revision spine surgery were coded by system and described in Table 3 . A higher proportion of Obese Class II/III patients developed one or more complications after revision spine surgery compared with nonobese patients (6.1% vs. 11.8%, 
Univariate Analyses
Univariate analyses were performed for each demographic, clinical, and comorbidity predictor against the presence of any complication as the response variable ( 
DISCUSSION
We sought to investigate whether BMI is associated with increased risk of early complications after revision spine surgery. Increased BMI was independently associated with the presence of one or more complications after adjusting for age group, functional status, ASA score, bleeding disorder, and diabetes. Our result is consistent with prior literature describing the association with primary spine surgery and supports the concept that obesity is a significant risk factor for complications after revision spine surgery. Specifically, we quantified the increased propensity for obese Class II/III patients to develop complications compared with nonobese patients. The interval odds associated with Class II/III patients corroborate those reported in primary surgeries, 39 indicating that although revision surgery can be more technically challenging, risk assessment for early outcomes remain similar.
Our study also extends the link between obesity with comorbidities, and with complications, from primary spine surgery to revision surgery. Previous findings show a direct relationship between number of comorbidities and risk of complications in spine surgery. [70] [71] [72] Here, we show that BMI !35 is a significant predictor of early complications when adjusted for other risk factors. This underscores the need for surgeons to consider the increased risk of complication associated with obesity, and has important ethical implications in disclosing these risks to obese patients as well as counseling on tangible weight loss goals to optimize preoperative risk.
Our finding of increased female proportion in more obese patients is consistent with previous reports. [73] [74] [75] [76] Increased BMI associates with numerous baseline risk factors and a chronic inflammatory state because of dysregulation of adipose tissue function, 77 corroborating the relationship with higher ASA scores as seen in primary surgeries. 78 Compounded with metabolic dysfunction and a more sedentary recovery period, it is plausible that patients with higher obesity levels are at greater risk of persistent pain/ neuralgia, instrumentation failure, or wound infection. [79] [80] [81] [82] [83] Our study demonstrates that obesity levels above class II associate with a decrease in older age. The lower proportion of patients with age !75 in the Obese Class II/III group corroborate the link between obesity and increased mortality by age in the general population. In an international study of 900,000 patients, the risk attributable to obesity was found to increase linearly past BMI of 25 at roughly 30% per every 5 kg/m 2 . 84, 85 Hence, a BMI ! 35 elevates risk of mortality to 1.7 times that of BMI of 25. In our study the proportion of patients over 75 in BMI ! 35 were half that of BMI < 35. Although the lower proportion of age !75 patients in Obese Class II/III offset the likelihood of these risk factors presenting at the same time, it also underscores the elevated risk of complications for those presenting with both factors to revision surgeries. Independent of any other factors, patients with BMI ! 35 and age !75 in our study associate with 3.5 times the odds of early complications compared with their nonobese, nonelderly counterparts.
There is an increasing body of literature describing the lack of marginal benefit for operating in the elderly, because of compounded risk from systemic, physical, and psychological comorbidities. [86] [87] [88] [89] This area of research has described frailty as a risk factor in surgical morbidity and mortality, 90 defined as a decrease in physiologic reserves with multisystem impairments separate from the normal process of aging. 91 Patients with independent functional status had three times fewer complications compared with partially or fully dependent patients (P < 0.001), supporting the sentiment that patients with lower levels of physical activity have increased risk for complication. Obesity may be a key mediating factor that exacerbates a portion of this composite risk attributable to frailty in the elderly. Its integration into practical clinical consideration for elective reoperations is thus of value to cost reduction. 92 
Limitations
CPT coding does not capture clinical information about the primary spine operation or indications for reoperation or diagnoses at the time of exploration or instrumentation removal. Variations in indications for revision spine surgery may also be influenced by financial reimbursement or surgeon preferences based on volume or academic status of hospital. This information for analyzing risk factors associated with different indications necessitating reoperation was not available. Thus, patient characteristics that were found to be associated with revision spine surgery complications should not be interpreted as predictors of revision spine surgery. Disease-specific complications such as new neurologic deficit, implant failure, or bowel/bladder incontinence were not captured. We were also limited in our ability to assess regional complications, which have been reported to differ by surgery type. For example, in cervical fusion surgery, obesity was linked to urinary tract infection, wound dehiscence, and neck hematoma, 93 whereas in lumbar fusion surgery obese patients associated with increased blood loss, length of hospital stay, risk of postoperative complication, and surgical site infection. 94 Further, there are limitations to the utility of BMI for evaluating obesity. For instance in athletic muscular individuals, higher BMI may not necessarily correspond to increased adiposity or obesity. Given the reported variations observed among obesity, surgery type, and complication rates across race and ethnic groups, 56, 57 we did not examine the association between risk factors and complications in non-Caucasian groups and our results await validation in these populations. We were also limited to the variables included in ACS-NSQIP and thus were unable to assess more granular measures of recovery, e.g., patient-reported outcomes.
CONCLUSIONS
Although the negative impact of obesity on 30-day complications after spine surgery has been previously reported, our study is among the first to examine obesity characteristics in revision spine surgery using a large sample size. Obesity was found to associate with age, ASA score, and baseline comorbidities and predicted early complications after multivariable correction. Although obesity may not contraindicate revision spine surgery in patients with previous instrumentation or fusion, its status as a modifiable risk factor warrants disclosure and preoperative counseling to optimize outcomes. 
Key Points
The ACS-NSQIP database was used to compare 30-day postoperative complications after revision spine surgery across obesity groups while adjusting for baseline medical comorbidities.
Patients of Obese Class II or III (BMI ! 35) were found to have greater risk of 30-day complications after revision spine surgery compared with nonobese patients. Obesity remained an independent risk factor for 30-day complications after adjusting for age, functional status, systemic disease rating, and baseline medical comorbidities. Older age and preoperative functional dependence were found to be independent risk factors for 30-day complications. Surgeons should be aware of the increased risk of early complications after revision spine surgery for severely obese patients independent of baseline comorbidities, and potential composite effects with other risk factors.
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